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a high change rate in resistance by forming a non- magnetic layer flat and to provide a 
magnetoresistance effect sensor and system having a high recording, regeneration, and output 
performance and a high S/N ratio. 

SOLUTION: On a substrate 1, a lower shield layer 2, a lower electrode layer 3, a 
magnetoresistance effect element 4, an upper shield layer 5, and an upper electrode layer 6 are 
disposed in layers. The magnetoresistance effect element 4 is patterned into a proper size and 
shape by a PR process. A longitudinal bias layer 7 is so disposed as to be brought into contact 
with the end or part of the end of the magnetoresistance effect element 4. The 
magnetoresistance effect element 4 has a free magnetic layer/a non-magnetic nonconductive 
layer/a fixed magnetic layer/a fixing layer as a basic structure. The free magnetic layer and the 
fixed magnetic layer are made of amorphous material such as SoFeB, CoZrMo, CoZrNb, CoZr, 
CoZrTa, OoHf CoTa, CoTaHf. CoFeTi. CoNbHf. CoHfPd, CoTaZrNb. or CoZrMoNi. Due to this 
structure, the non- magnetic layer becomes flat, and thereby the rate of change is resistance is 
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i. Ir. Cu. Ag. Co. Zn. Ru. Rh. R 
e. Au. Os. Pd. Nb. V. Y (D:^/U-'y^<D{P^fj: 
< ^ t lo07c^;^i^p>?i^. m^hL'<n^^^±n^m 

[0 0 8 01 ^m\::x^mmm 
SIT. m^i&t7i^^m^<Dm^\c<^\^^xmm<Dmmzm 

[0 0 8 1 ] [^J£^!ll] ;«/^;=^S^/Ta (3nm) 
/ S^mi^m (Snm) XAim^m (,2nm) /N 

i82Fel8 (3nm) /Pt46Mn54 (25n 
m) /Ta (3nm) ^ V ^ 5 ^^-^ § S^tt^tTDW® 

[0 0 8 2] {^^t;if^. DC-^i^:^ hx:^>'::^y<y^mW: 
^mmm\tQ, 1A. ^JK:^;=^J!E(^2mmTo 
rrtb/Co A m>fkf^cD?i^^t^. ^T2nm(DA\m 
^?f^^L. ]K?i^^^[c:WiE;dS2 X 1 O-^To r r tOK^ 

|^t::joV^-C4 X 1 0-4T o r r (D:if 
5^-C^02 ^^«Abl^r«^«:i^-r5r ttci 19 A 1 ^ 

:JBVNT. 2 5 0^. 5^P^-e^*0;M^JSLfco ro^-^- 

[0 0 8 3] 
[^1] 





MRJt {%) 


Co 


I 4 


N 1 8 2 F e 1 8 


9 


Co84Fe9B7 


1 8 


Co 8 2 Z r 9Mo 9 


1 6 


Co 9 2 Z r 6Nb2 


1 9 


Co 9 8 Z r 7 


1 5 


Co 9 2 Z r 4Ta4 


1 6 


Co9 6Hf 4 


1 6 


Co 9 5Ta 5 


1 7 


Co9 5Ta8Hf2 


1 8 


Co8 6Fel0TI4 


1 7 


Co 9 lNb7Hf 7 


1 7 


Co9 5Hf 8Pd2 


1 6 


Co 9 2Ta 1 Z r INb 6 


1 7 


Co9 2Zr 6M0 INI 1 , 


1 7 



10 0 8 4] i(^||@^^*lc*5VNT, i*#t4e;d5Co 
RXJN i F e o®-g-«t¥3liE«^RJl;::ffl^-r5;4^ ^tiHii^ 

[0 0 8 5] [|IJ£^!|2] MRJt^SiiSV^a*Sri3'<'5 g 

;^/9;:^Stg/Ta (3 nm) / g S^ttW (8 
nm) tV^pM^f^^!gb, «®<Oy 7^;^^AFM(ciJ; 

(^ifi-r5^2#M) o ;<f7^S«/Ta (3n 

m) /SA^tSfl (Snm) /A 1 g^^kte ( 2 n m) t 

•5, AFM(;i<t5^ffi7 7^;^S.t/Xi||lci5#®7 

[0 0 8 6] 
[S2] 



(9) 



i^g^ 2000 — 101164 







as (nm) 


^paS (nm) 


Co 


1 




1. 2 


N 1 8 2 F e 1 8 


0. 


8 


0. 9 


Co8 4Fe 9B7 


0. 


2 


0. 2 


Co 8 2 Z r 9Mo 9 


0. 


1 


0. 2 


Co 9 2Z r 6Nb 2 


0. 


1 


0. 2 



[0 0 8 7] gSeiftildC o^N i F e ^fflV^:rc^■^^ 
(titSS^Lr. CoFeB. CoZrNb. ^t/C o Z r 

< l^miS^-Cfc^r ^:d5^^ti.r:Jo!9. rori:;^^^® 

[0 0 8 8] mmms'] m^. ;</^>^s«/Ta o 

nm) /g (8 nm) /C o90FelO (2 

n m) /A 1 ( 2 n m) /N i 8 2 F e 1 8 (3 

nm) /P t 4 6Mn 5 4 (2 5 nm)/Ta (3n 

[0 0 8 9] ft^Clt^DC-^i/^ 
fflV\ J^J^m??ftfi 0, lA, ^JK;?f;^JEf^ 2mmT o r 
r ^ bfCo A 1 ®?>fl::^0?^JEtg(i. *T 2 n m(DA 1 i^Sr . 

mM^m\^'WEEt^ 2 X 1 0-9T o r r (DM^^ 
^>y<—^\:ijS\^^X 4 X 1 0-4T o r r C0:^/;^JE(e:?fe ^ 
^XH02 ^2»Abl^r«1f*}#-r^ w^t- J: D A 1 ^@ 

^g&{t:^-^yho ^iK^tc, 5 0 0 o e (7:>m.mm^^\c:i6 
v^r. 2 5 ot:. s^rs^-ei^^Ls^JSLfco :^(om^(D 

[0 0 9 0] 





MRit (%) 


C o 


1 4 


N 1 8 2 F e 1 8 


1 3 


Co84Fe9B7 


2 4 


Co 8 2 Z r 9Mo 9 


2 3 


Co9 2Zr 6Nb2 


2 4 


C o 9 8 Z r 7 


2 2 


Co9 2Zr4Ta4 


2 1 


Co96Hf4 


. 2 1 


Co 9 5Ta 5 


2 0 


Co 9 5Ta 8Hf 2 


2 2 


Co8 6Fe 1 OTI 4 


2 3 


Co 9 INb 7Hf 7 


2 3 


Co 9 5Hf 8Pd2 


2 2 


Co 9 2Ta 1 Z r INb 6 


2 1 


Co 9 2 Z r 6Mo IN i 1 


2 1 



[0 0 9 1] rco^i^^g;^^cjov^-r. gs^i^jfj^^c o 

46Mn 54 (25nm) /S^^i^jf (Snm) /C 
o 9 0 F e 1 0/A 1 m^t^ (2 nm) /C o 9 0 F e 
10 (2nm) (3nm) /T a (3n 

•m) t\^^om^xs^m^m(ommi:mx.xm^m.tfi^ 

[0 0 9 2] i^ma^DC'^i^^hx:^>^:^y<^y^mW^ 
fflV^. J^gj^mSKfiO. 1 A. ^J^;^f;^EEf^ 2mmT o r 
r^Ufc, A 1 ^>ft:ife£D?i^^f^, -^^2 nm(7DA 1 jK^ 
mM^m:i^J^:d^ 2 X 1 O-^T o r r (OM^^^ 
f^^c:^^^/^T 4 X 1 o-^T o r r co;i/^JEJc/^5 
^^JffiOg ^*Abi^r«Wi^-rsr ^t;iJ: »9 A 1 
^^{k^-^fco ^iS^tc:. 5 0 0 o e <om.mM:^^\^i^ 
V>-C, 2 sot:. S^rsTC^^iaSr^SU/Co dcO^^-g^cD 

[0 0 9 3] 
[1^4] 



(10) 



#gB2 000-101164 





m&jmmmm 


MRit (%) 


Co 


N I 8 2Fe 1 8 


1 3 


Co84Fe9B7 


Co84Fe9B7 


2 3 


Co84Fe 9B7 


Co 8 2 Z r 9Mo 9 


2 2 


Co84Fe9B7 


Co 9 2 Z r 6Nb 2 


2 2 




L/Oo4reyxi7 


2 3 


Co 8 2 Z r 9Mo 9 


Co 8 2 Z r 9Mo 9 


2 2 


Co82Zr9Mo9 


Co 9 2 Z r 6Nb 2 


24 


Co9 2Z r 6Nb2 


Co84Fe9B7 


2 2 


Co92Zr 6Nb2 


Co 8 2 Z r 9Mo 9 


2 2 


Co9 2Z r 6Nb2 


Co 9 2 Z r 6Nb 2 


2 2 



[0 0 9 4] r(D|is^^gm{-*5v^r. g^^ttii^dSCo 

[^•mmSl (3nm) /Pt 

46Mn 54 (25nm) /H^^ttif ( 5 n m) /A 
1 S^^b^ (2 nm) /C oQOFelO (2nm) /N 
i82Fel8 (3nm) /T a ( 3 n m) i:V^9^J5K 

[0 0 9 5] {-^^tct^DC-^^^ hn 
^V^. ^MS^^^f^O. lA, ^j^;^f;^jEfi2mmT o r 
r b/Co A 1 m\\:m<Dmm^. "^T2 nmfDA 1 ^S: 
?l^^b. ^?i^J^^lcWJE:65 2 X 1 O-^T o r r (DS^^ 
ir Vx-^— f^(C^oV^r 4 X 1 0-4T o r r (Di^:^m^fi:^ 

f^mit^-^tLo ^mm^. 5 0 0 o e <Dm,mM^^\^'^ 
v^T. 2 5ot:. s^p^Tf^^n^jsuyto :^om^co 

[0 0 9 6] 
[S5] 





MRit {%) 


Co 


.1 5 


N I 8 2 F e 1 8 . 


1 0 


Co84Fe9B7 


1 7 


Co 8 2 Z r 9Mo 9 


1 8 


Co9 2Zr 6Nb2 


1 7 


Co 9 8 Z r 7 


1 6 


Co 9 2 Z r 4Ta4 


1 7 


Co9 6Hf 4 


1 6 


Co 9 5Ta 5 


1 6 


Co 9 5Ta 3Hf 2 


1 7 


Co 8 6 F e 1 OT i 4 


1 6 


Co91Nb7Hf7 


1 8 


Co 9 5Hf 3Pd2 


1 7 


Co92TalZrlNb6 


1 7 


Co 9 2 Z r 6Mo IN I 1 


1 7 



[0 0 9 7] ;l<o^@^*sm^c^ov^T. ^^m\^mt^c o 

[SJfiM6] :«^^;^S;E/Ta (3nm) /Ft 

4 6Mn 5 4 (2 5 nm) ym^Mi^m ( 5 n m) /C 
o90FelO (2) /A 1 ^^fcifej (2 nm) /C o 9 
OFelO (2nm) /eSKtt^ (3nin) /T a 

(3nm) ^V^5«J5£-Ce*^«^c^aiS^^^T^M 

[0 0 9 8] f^^tCf^DC-^^/^ hn:/;</'?-/>5^^aSr 

^lEmJSfiO. 1 A. &m:Jff 2 mmT o r 

r t Lfc. A 1 ^-fb^OJ^figJi. -^^2 nm(DA 1 i^'^ 
?g^L. mm^mz^EE-d^ 2 X 1 O-^T o r r <DM^^ 
^=^^c:fev^•r 4 x i o-^t o r r (D;?/;^JEtc:/^-5 

^^jb^-^fco 5 0 0 o e (ommmM-'p^cio 
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MRJt (%) 


Co 


N 1 8 2Fe 1 8 


1 4 


C 0 8 4 F e 9 B 7 


Co84Fe 9B7 


2 4 


0 0 ^ r eyts ( 


COo2Zr9Mo9 


2 5 


Co84Fe9B7 


Co 9 2 Z r 6Nb 2 


2 4 


Co 8 2 Z r 9Mo 9 


Co84Fe 9B7 


2 3 


Co 8 2 Z r 9Mo 9 


Co 8 2 Z r 9Mo 9 


2 4 


Co82Zr9Mo9 


Co 9 2 Z r 6Nb 2 


2 3 


Co92Zr6Nb2 


Co 8 4Fe 9B 7 


2 5 


Co 9 2Zr 6Nb2 


Co 8 2 Z r 9Mo 9 


2 4 


Co92Zr6Nb2 


Co 9 2 Z r 6Nb 2 


2 4 



[0 10 0] :z(Dmm^m^-^^^^x. ^^m^&MR.xim 

J; <9 M R Jt ;d5 ji5 V N t V ^ 5 ^ ttfco 

[0 10 1] [|l56coJi^^7] mx\^7T^\^fz.^^y'<D^y 

:i<Dt^. Tt^-^l-Kjit LTf^N i F e ^ffiVNfCo M 
%mnM^^t LTti. /T a (3nm)/Pt46 
Mn 5 4 (2 5 n m) /Co92Zr6Nb2 (5n 
m) /C o90Fel0 (2nm) /A 1 mitm (2 n 
m) /Co90Fel0 (2nm) /Co92Zr6N 
b2/Ta (3nm) ^.SV^fCo ]K?i^J5£^{Cf:i 2 5 0 

t:, 5^p«^£D^Af!;ll^j5Kj^^(o^j^i:t^B:3S-f-'5;^f^t;i 

5 0 0 O e oai^^r^iP bOO^To^eio ^^ffiK^;^JK 

t LTflN i F e ^^V^fCo ^ CO-- 2/ KSrlD 1 0 CO J: 5 
oC r Ta^j^^*:±l;i7^->5^S:lB^S^U/Co 
0. 2Mm, Sg^^jZ^^^^h^-zif^fUfll. OMHiirUyho 
ftXS(12 5 0t:. 2^mtL.t:io ^(DXSd J: t) . * 

K^f^^Jtl-T^f-, 2 0 0t:. SOOOeM^^. 1 
^^fr o fco ^ o^^f^^iS l;i J: 5 g * 

fCo :^<Dm<Dm^n^m:^}'t2, 4mV^ S/Nfl2 9 



[0 10 2] mmcDm^si ms\c7r:i.tc^4y'(DB 

a (Snm) i:NiFe (lOnm) t'k^'K\zMM\^ 
T h — :?^yl^<OJf:V^2 0 0 nmtCLfcj^S^fflV^fc:o 
ffifet^mJ^i: brf:i. /Ta (3 nm) /P t 4 6Mn 
5 4 (2 5 nm) /C o82Zr9Mo9 (Snm) / 
Co90Fel0 (2 n m) /A 1 ®!>ft:^ ( 2 n m) / 
Co90FelO (2nm) /Co82Zr9Mo9 
(3nm) /Ta (Snm) SrfflV>7to M?l^^^(Cfl2 
5 01C. 5^r^C0f^^SSr^JK^O®f#,Jr(lti:3Si~5:& 
f^tC5 0 0 O e cO^#S:^JPLoo^TofCo K^Sfet^ 
;S^fl, h u-v^-x KXStc J: 1X1/2 m(?:>::^# ^ 
(cJPXUT^kSfei^*^^^ LfCo ^^'^-^-ik^ttyh 
IKSgast-S-r^ J: 5 c o c r p t ^mm bfCo r <^-- 
K^H 1 0 CO J: 5 ?ttf5^Wit— f*:^-- 2/ K{c:*PXS.t7 
^^^^-TiJ^iPXl.. C o C r Ta^jSK^*:-bt-^-^*i5^ 

1. 0 Mint b^Co »#iZ.^--:y K?fP(0 1:1 -r/U^fPf^^^ 
(0:7;^- h Uv?^ b^g>ft;xmfi2 5 Ot:. 2^r4tbyc:o 

b. m^mm^m^}i\.xm^\^fii<fiir>fz.(Dx. s 

5 0 0Oea#4^. l^^^<7)*af^^3®S^^To^Co 



(12) 
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mV, S/Nt^ 3 4 d B. W^ttl;^/;d5^ig-r5-^-^S 
(m^Wc) f^2 7 7 kFCK tf :y h^^-i^- h*^ 1 

[0 10 3] [^J£(D?i^tg 9 ] m9\Z7r:\^fci^^'^<0':7 

Fe^. mffitrf^Au. S^^tdt^Ta ( 3 n m) ^Ni 
Fe (lOnm) t bX h — ^/^t^ij^^ 

2 0 0 n m(- Uytl^^rffl V^fCo ?^^S*t^:SI^^ LT 
(1. /Ta (3nm)/Pt46Mn54 (25nni) 
/Co84Fe9B7 ( 5 n m) /C o 9 0 F e 1 0 

(2) /A 1 (2 nm) /C o 9 0 F e 1 0 (2 

nm) /C o 8 4 F e 9 B 7 (3nm)/Ta (3n 
m) ^ L/Co I^?l?^^(;iti2 5 OT:. 5^P«l<7)fgi^3S^ 
J5!ci^^cD^#^fili[3Si-^:^fp]t:i5 0 0OeC0SS#SrSl 

2 5 0'C. 2mmt\^fz.. r<^XStCj;t). 
KSPf^^^T^t-. 2 0 0t:. 5 0 0Oe^#'f', 1^ 

rcO^(^lB®:H^a;^(i 1. 9mV. S/N(^2 8d 

B. ^^[^M^^mf-^-^-^^ mm^m 1^2 8 7k 

FCI. bf h^^ — 1 o-6:WT"Cfeoyho ^ 
10 10 4] [*M<D?g^ 1 0] ?£fetc, b 

m^'f^y^^<omm\^^y¥t^WLnhfy.X^r>. 

^%'f^^^x^VcQm(D^yvt^w.m.^fhx\^^o ^ 

t), 7="— ^^^ffirtS^l 0mmd^?>4 OmmS-CSr^iSfflt* 



te2iaS;d5S#5;6^b 2 0^;«//^-f h co^ffl-Cfc^^^^'^ 
[0 10 5] 

[0 106] $e>(w, ^(^MSr^V^^r ^iClioT. 15 

;^ 7^ ^ ^# ^ i: ;d5 njtg ^ o 
[llffi£^fiH¥/jrlft?g] 

[Ell] ^^-j\^h^m^i^'^(oixm:^tj:m^^mirm^m 
xh^o 

[13 2] i®/^-rr;^jKcoiaB^^i-«£;S:iaf fc5o 
ms] m^<4Ty^m<Dm(Dmmi^m'rwtitMxh^o 

Ty^m-^^^m^tix^^^m^mi-^'mmxh^o 

[13 6] m4<Dvi-vm{^r^^t:immmxh^o 
im?] m5(oyu~yum\^r^<:>ti^mmxh^o 

mi^mx^^ 

mf^.^m-rm^mxh^o 

mio] mmn^^y h*<D±^fm^^m'tmitmx 
[nil] m^^fSin±mmi(D^m^£m^^m-tm.itM 

1 s« 

2 Tv— >'l'KJl 

3 rmm 

5 iix— 

6 

8 

9 ^mm^mw- 

I 0 T^^Ktt^ 

I I ±^m^m 
1 2 ®s 

1 3 mm 

2 0 mm 

2 1 T'>— /I' K 
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2 2 

2 3 

2 4 

4 1 

4 2 

4 3 

4 4 



4 5 ^^ffifet^a**^ 

4 6 AB S® 

5 0 Jniz-zW K/±m® 
5 1 ^^ffifei^m^^ 

5 2 TV— yV-K 

5 3 mmmi^ 

5 4 j^^^id^e^OiitLa^ 



[mil 




'///////A 




[[g|2] 




(2) Tffltt;&<Ti/--'l'K®[E±lcJg|^L/i*^ 



<3) ■raffiAnF'>-^Kco±lw4^-*'y:/S'^LTJSJ«L^^8# 





-SSI 



[E13] 

C 1 ) ±'>-;U K;ft<±m®®[iLh©_hlc?^Lyi:«^ 



-±>'-;i/KH5 



(2) ±W«*<J:->--»UKcDit±»ijgJ5)^Lys«^ 



^ i:->-;UKH5 



C4) TlffitT-V-^uKt^r^L/:*^ 



T«S3. 



(4) ±«a«fc±v/-yl'Kt^ffiLyt:ii^ 
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[1114] 



[I§15] 





IB««I04 



ime] 




±xme 



•T«S3 




[08] 




[09] 




